In Acer pseudoplatanus cells, the proteins synthesized in the presence of an amino acid analog ('4Cjp-fluorophenylalanine), were degraded more rapidly than normal ones (I"Cqphenylalanine as precursor). The degradation of an important part of these abnormal proteins occurred inside the vacuoles. The degradation process was not apparently associated to a specific proteolytic system but was related to a preferential transfer of these aberrant proteins from the cytoplasm to the vacuole.
In a recent paper (5), we presented evidence that vacuoles from Acer pseudoplatanus cells are able to acquire and to degrade intracellular proteins. These results support the view that the plant vacuole exhibits features common to the lysosome system in animal cells (15) . In addition, such an elucidation of the localization of the proteolytic systems in higher plant cells is a prerequisite for future understanding ofthe control ofproteolysis (10) .
As stated by Goldberg and St. John (8) , an important function of protein breakdown in bacterial and animal cells is the elimination of abnormal proteins. These can result from mutations, biosynthetic errors, or spontaneous denaturations and represent potentially harmful polypeptides. In animal cells, both lysosomal and cytosolic pathways are involved in the breakdown of endogenous proteins, but the cytosolic pathway alone is implied in the degradation of abnormal proteins. This allows rapid degradation of these deleterious molecules (7, 9, 16, 20) .
In plants, nothing is known about the abnormal protein degradation systems. So, we focused our attention on the fate of these proteins in A. pseudoplatanus cells.
In animal cells, the first evidence for rapid intracellular degradation of abnormal proteins was obtained with rabbit reticulocytes incubated with amino acid analogs (17) . Such an approach for inducing the synthesis of abnormal proteins has been frequently used in mammalian systems, and we have selected pfluorophenylalanine as amino acid analog in our experimentation.
In the study described below, experiments were designed to elucidate the intracellular site of abnormal protein breakdown and to determine their rate of degradation compared to normal proteins. ' (1) . Vacuole yield and contamination of the preparation by other organelles were similar to those already described (1) . The absence of contamination of the Acer protoplast and vacuole preparations by proteases from the cell wall digestion mixture was checked as previously described (4 a.b Cells were prelabeled as in Table I. of the newly synthesized normal and abnormal proteins (proteins containing the amino acid analog, p-fluorophenylalanine). About 90% of the labeled leucine and phenylalanine were recovered inside the cells after 18 h. A smaller proportion (65%) of p-fluorophenylalanine entered into the cells during the same period, but this amino acid analog had no effect on the simultaneous total leucine uptake which was similar in reference and test experiments. In addition, the intracellular distribution ofthe labeled amino acids between the vacuolar and extravacuolar compartments (Table I) Table I . No loss of protoplasts or vacuoles was observed during the incubation period. porated into proteins in the test culture, while 50% ofthe labeled amino acids were incorporated in the reference culture. This is further confirmed by the results reported in Figure IA . During a 6 h incubation period, protoplasts isolated from phenylalaninefed cells actively incorporate the labeled amino acids into proteins as intact cells do, while protoplasts isolated from p-fluorophenylalanine-fed cells do not.
As the uptake and the intracellular compartmentation of the labeled precursors were comparable in reference and test experiments, the lack of a net gain in labeled proteins containing the (14, 21) .
To determine whether protein synthesis or degradation was responsible for our results, isolated protoplasts were incubated with benzylamine. This weakly basic amine has been reported by us (18) and others (12) to specifically accumulate in the plant vacuole and to cause a sharp rise in the intravacuolar pH. In animals it has been shown that the pH rise induced in the lysosome by weak bases inhibits endogenous protein degradation ( 19) . It was then interesting to evaluate if such a treatment could reduce the vacuolar proteolytic degradation in higher plants. The experiment described in Figure 2 shows Figure lB shows that isolated vacuoles degrade their endogenous proteins actively and at the same rate whatever the precursor fed to the cells (phenylalanine, p-fluorophenylalanine, or leucine). Thus, a specific vacuolar proteolytic system acting on the abnormal proteins does not seem responsible for their greater rate of degradation. We then determined the distribution of normal and abnormal proteins between the vacuolar and extravacuolar compartments of protoplasts (Table III) . In reference culture cells, about 30% of the newly synthesized proteins ('4C-and 3H-labeled proteins) were recovered in the vacuolar fraction. In contrast, in test culture cells, a higher proportion of abnormal proteins (61 %) was present in the vacuolar fraction compared to the reference experiment. Similar change also appeared for [3H]leucine labeled proteins (45%). So, in comparison to the normal proteins, the abnormal proteins seem to be preferentially directed towards the vacuole. This result was confirmed by the comparison of 14C/3H ratios in the vacuolar and the extravacuolar compartments of the protoplast: while this ratio was comparable in the reference experiment (indicating that similar proteins are present both in the cytoplasmic and the vacuolar fractions), it was significantly different in the test experiment, underlining a preferential transfer into the vacuoles of the proteins enriched in the amino acid analog. Since abnormal and normal proteins are degraded at the same rate inside the vacuole, the abnormal proteins will be more rapidly eliminated.
The vacuolar protein contents were analyzed by denaturing PAGE (Fig. 3) . A large number of polypeptides contain the amino acid analog (Fig. 3C) , and some of them (numbered 1-10) can be easily correlated with polypeptides containing phenylalanine (Fig. 3A) or leucine (Fig. 3, B and D) . No striking differences in the mol wt between normal and abnormal polypeptides were found, thus the cellular mechanism involved in the specific recognition and subsequent rapid transfer of pfluorophenylalanine proteins into the vacuoles would most probably be due to slight differences in the structure of the abnormal proteins. As stressed by Coates and Davies (6), modification of the physical properties of the proteins by the amino acid analog, such hydrophobicity, isoelectric point, and charge density could be involved in their transfer into and degradation in the vacuoles.
After a 6 h incubation of the isolated vacuoles, all the '4C-and Table I. 3H-labeled polypeptides were subjected to proteolysis (Fig. 3) . In each case, after the 6 h incubation, the radioactivity rose in the light mol wt zones, probably because of the hydrolyzed proteins as previously shown (5). So, the vacuolar protein breakdown appeared nonspecific, in accordance with the broad specificity described for vacuolar proteases (4) . The incorporation of an amino acid analog such as p-fluorophenylalanine is described to alter protein structure and function (14, 21) . Taken together the results presented here demonstrate that such proteins: (a) can be recognized by the cells as abnormal proteins, very probably at the cytoplasmic level; (b) are directed preferentially toward the vacuole; and (c) are degraded inside the vacuole at the same rate as normal proteins by a non-specific proteolytic system. Thus we can conclude that abnormal proteins, newly synthesized in Acer cells, are degraded in the vacuoles more rapidly than the normal ones, because of a more rapid transfer from the cytoplasm to the vacuole. In animal (7, 9, 16, 20) and yeast (13) cells, abnormal proteins have also been described to be more rapidly degraded than the normal proteins. While in animal cells the abnormal protein breakdown is due to cytosolic processes (7, 9, 16) , in Acer, as in yeast (13) , it is essentially a vacuolar process.
